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Abstract Of JP 2002037645 (A) 

PROBLEM TO BE SOLVED: To provide a fine hollow aluminosilicate glass ball which has a fine 
diameter and low spherical aberration and low density and high strength. SOLUTION: This is a fine 
hollow glass ball manufactured by heating of slurry droplet obtained by wet pulverization of blended 
raw materials of aluminosilicate glass. The glass ball has an average particle diameter of 1 -20 &mu m, 
an average particle density 0.20-1 .50 g/cm3, the degree of true ball 1 <=(length of long axis/length of 
short axis)<1 .2 and a strength of over 1 0% at 1 0% breaking by volume based on equation 1 6.7 x Ex 
(t/2a)n (n=2.5). 
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English Translation-in-part of 
Japanese Unexamined Patent Publication No. 037645/2002 

[Title of the Invention] 

Fine hollow aluminosilicate glass ball and its manufacturing 

method 

[Claim 1] A hollow aluminosilicate glass micro-sphere characterized in 
that an average particle diameter of a volume reference is 1-20 
micrometers, an average particle density is 0.20-1.50g/cm 3 , a range of 
sphericity is 1 ^ (major axis direction length/minor axis direction 
length) < 1.2, its composition by weight is 30 to 85% of Si0 2 , 6 to 45% 
of AI2O3, 0 to 30% of an alkali metal oxide, 0 to 30% of an alkali earth 
metal oxide and 0 to 1% of B2O3, and strength of 10% collapse by 
volume is not less than 10% of theoretical strength given by formula 
16.7 x E x (t/2a) 2 - 5 in which E represents Young's modulus (a unit: 
GPa) of a glass constituting the glass hollow micro-body, t represents 
thickness (a unit: mm) of husk of the glass hollow body, and a 
represents centrum radii (a unit: mm) of the glass hollow micro-sphere. 
[Claim 3] The hollow aluminosilicate glass micro-sphere according to 
claim 1 or 2, wherein a silica membrane is formed on the surface. 
[Claim 4] A method for manufacturing a hollow aluminosilicate glass 
micro-sphere, the method comprising steps of preparing raw material 
slurry having an average particle diameter of 2 micrometers or less by 
wet-grinding a glass blending material, making the slurry a drop 
including the glass blending material, and vitrifying the drop by 
heating, and wherein the hollow aluminosilicate glass micro-sphere is 
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characterized in that an average particle diameter of a volume 
reference is 1-20 micrometers, an average particle density is 
0.20-1.50g/cm 3 , a range of sphericity is 1 ^ (major axis direction 
length/minor axis direction length) < 1.2, its composition by weight is 
30 to 85% of Si02, 6 to 45% of AI2O3, 0 to 30% of an alkali metal oxide, 
0 to 30% of an alkali earth metal oxide and 0 to 1% of B2O3, and 
strength of 10% collapse by volume is not less than 10% of theoretical 
strength given by formula 16.7 x E x (t/2a) 2 - 5 in which E represents 
Young's modulus (a unit: GPa) of a glass constituting the glass hollow 
micro-body, t represents thickness (a unit: mm) of husk of the glass 
hollow body, and a represents centrum radii (a unit: mm) of the glass 
hollow micro-sphere. 
[Claim 5] 

The method for manufacturing the hollow aluminosilicate 
glass micro-sphere according to claim 4, adding an inorganic 
substance which generates a steam, carbon dioxide gas, or a sulfur 
oxides or nitrogen-oxides gas by heating in the glass blending material. 
[0001] 

[Field of the Invention] The present invention relates to a hollow 
aluminosilicate glass micro-sphere and a method for manufacturing 
the same. 
[0002] 

[Background of the Invention] A hollow aluminosilicate glass 
micro-sphere is generally called a glass micro-balloon (hollow body), as 
compared with other fillers, its specific gravity is light and it has heat 
resistance, pressure resistance, and impact resistance, and if it is used 
as filler, physical properties such as dimensional stability of packing 
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and moldability can be improved. For the above reason, it is used for 
various uses for obtaining weight saving such as resin molded articles, 
such as cars, portable electronic apparatuses, and domestic electrical 
products, putty, sealing materials, buoyancy materials for marine 
vessels, synthetic woods, reinforced cement outside wall materials, 
lightweight outside wall boards and artificial marbles. 
[0003] The material is also expected to develop various uses such 
as sound insulators, sound-absorbing materials, thermal insulators, 
insulation materials, and materials for lower dielectric constant. In 
particular, as a use expected to spread by micrifying, it is, for example, 
thermal insulation coatings for thermal insulation use, and use for 
wire covering materials or substrates for use for lower dielectric 
constant. It can be used also for uses such as watergels, papier-crays, 
rubbers, and coatings. Thus, although the hollow glass micro-sphere 
is widely used, the more superior hollow glass micro-sphere has been 
required strongly in recent years. 

[0013] 

[Problem(s) to be Solved by the Invention] The object of the present 
invention is to provide a hollow aluminosilicate glass micro-sphere 
efficiently by using nature or synthetic and cheap raw materials, which 
solves the problems of production process and product quality in the 
conventional technology, wherein the particle has micro -diameters, 
high sphericity, low density, and high strength, and excellent in heat 
resistance as compared with the conventional hollow glass 
micro-spheres, such as the borosilicate glass system. 
[0014] 
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[Means for Solving the Problem] The present invention provides a 
hollow aluminosilicate glass micro-sphere characterized in that an 
average particle diameter of a volume reference is 1-20 micrometers, 
an average particle density is 0.20-1.50g/cm 3 , a range of sphericity is 
1 2s (major axis direction length/minor axis direction length) < 1.2, its 
composition by weight is 30 to 85% of Si0 2 , 6 to 45% of AI2O3, 0 to 
30% of an alkali metal oxide, 0 to 30% of an alkali earth metal oxide 
and 0 to 1% of B2O3, and strength of 10% collapse by volume is not 
less than 10% of theoretical strength given by formula 16.7 x E x 
(t/2a)2-s . 

[0015] E represents Young's modulus (a unit: GPa) of a glass 
constituting the glass hollow micro-body, t represents thickness (a 
unit: mm) of husk of the glass hollow body, and a represents centrum 
radii (a unit: mm) of the glass hollow micro-sphere. 
[0016] The present invention also provides a method for 
manufacturing the above-mentioned hollow aluminosilicate glass 
micro-sphere, the method comprising steps of preparing raw material 
slurry having an average particle diameter of 2 micrometers or less by 
wet-grinding a glass blending material, making the slurry a drop 
including the glass blending material, and vitrifying the drop by 
heating and obtaining a hollow glass micro-sphere. 
[0017] 

[Embodiment of the Invention] The hollow aluminosilicate glass 
micro-sphere of the present invention has such micro-diameters, low 
density, high sphericity and high strength as particles. First, particle 
diameter is 1-20 micrometers as an average particle diameter of a 
volume reference. Preferably, it is 3-15 micrometers. The average 
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particle diameter of a volume reference can be measured by the laser 
dispersion type particle-size-measuring devices (for example, 
Micro-track HRA model 9320-X100 available from Nikkiso Co., Ltd. 
employed in Example). 

[0018] If the average particle diameter exceeds 20 micrometers, it 
can not be settled into the predetermined thickness when used as the 
interlayer insulation layer material for multilayer substrates and the 
filler for resist materials, thereby the risk such as short circuit of 
conduction part rises. If less than 1 micrometer, the average particle 
density does not reach less than 1.50 g/cm 3 , the expected function 
does not appear. 

[0019] Next, particle density is 0.20-1.50g/cm 3 . Preferably, it is 
0.20-0.70g/cm 3 . This particle density can be measured by the 
dry-type automatic densimeters of a gaseous helium substitution type 
(for example, AKYU pick 1330 available from Shimadzu Corp. employed 
in Example). If the particle density is less than 0.20 g/cm 3 , collapse 
strength is weak for practical use, and if exceeding 1.50 g/cm 3 , it can 
not give sufficient weight saving effect, thermal insulation effect, effect 
of lower dielectric constant, soundproof effect, etc. 

[0020] Next, with respect to a shape, the hollow body of the present 
invention is formed from a single foaming sphere with substantial 
spheric shape. In observation by viewing a photograph of a scanning 
electron microscope (hereinafter SEM), surface property is smooth and 
the hollow body having broken porus is hardly seen. The sphericity is 
a range of 1 <= (major axis direction length / minor axis direction 
length) <1.2 when expressed as an aspect ratio of (major axis direction 
length / minor direction length). If (major axis direction length / 
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minor axis direction length) being >=1.2, the desired strength is not 
obtained, and dimensional stability is not maintained when used as 
composite materials, such as a molding compound. 

[0025] The hollow glass micro-sphere of the present invention 
comprises aluminosilicate glass as the glass composition. The 
composition of the hollow glass micro-sphere by weight is 30 to 85% of 
Si0 2 , 6 to 45% of AI2O3, 0 to 30% of an alkali metal oxide, 0 to 30% of 
an alkali earth metal oxide and 0 to 1% of B2O3. If less than 30% of 
Si02, chemical durability of glass deteriorates. On the other hand, if 
exceeding 85% of Si02, the viscosity of glass is high, thereby it requires 
high quantity of heat when foaming. Thus, it is not suitable 
respectively. 

[0035] Such the hollow aluminosilicate glass micro-sphere 
according to the present invention, as compared with the conventional 
filler, has further improved lightweight property, heat resistance, 
pressure resistance, and impact resistance. Since there is the 
physical-properties improvement effect in dimensional stability, 
moldability, etc., it is suitably used as weight saving use, such as 
molding compound of cars, portable electronic apparatuses and 
domestic electrical product, and putty, the sealing materials, buoyancy 
material for marine vessels, synthetic woods, reinforced cement outside 
wall materials, lightweight outside wall boards, artificial marbles, etc. 
[0036] It is also applicable to the conventional and various uses, 
such as sound insulators, sound-absorbing materials, thermal 
insulators, insulation materials, and materials for lower dielectric 
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constant. In particular, as a use expected to develop wider by 
micrifying, it can be used as insulation coating materials for thermal 
insulation use and wire covering materials and substrates for lower 
dielectric constant use. 

[0039] Next, a method for manufacturing the present invention is 
explained. The glass blending material in the present invention is 
vitrified with heating, and is preferably nature sediment of volcanic 
glass or zeolite which decrease their weight by ignition. According to 
the present invention, it mixes the synthetic or natural raw materials 
having weight reduction property by ignition and mixture thereof, 
further preferably the mixture added the inorganic substance which 
generates gas by heating to give the predetermined composition, 
basically prepares slurry containing raw material powder having an 
average particle diameter of 2 micrometers or less by wet-grinding 
these materials in flammable liquids, such as alcohol, kerosene, gas oil, 
and a fuel oil, makes the slurry a microscopic drop including the 
materials by spraying, subsequently vitrifies the drop by heating, and 
finally makes the hollow glass micro-sphere. 

[0040] The method for manufacturing the present invention is 
explained in detail below. As nature sediment of volcanic glass used 
as a raw material, natural volcanic glass, such as deposit of volcanic 
ash and sand, obsidian, pearlite, and pitchstone- can be used. These 
are available in Kyushu and Hokkaido, the secondary deposition of 
volcanic ash and sand available in Yoshida town in Kagoshima 
prefecture can be used suitably since it is effective in making true 
density of the obtained hollow glass micro-sphere small. 
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[0042] Although the natural or synthetic minerals having ignition 
weight reduction, such as bentonite and allophane can be used, from 
the viewpoint of yield of hollow-body ratio, physical properties of a 
product, and availability of cheap material of stable composition, 
deposit of volcanic ash and sand, obsidian, pearlite, pitchstone and 
zeolite are preferable. When using these raw materials and 
manufacturing a hollow glass micro-sphere, it is effective to add 
further the inorganic substance which generates gas ingredient by 
heating. 

[0043] As a preferable inorganic substance to add, sulfates of 
alkaline metals such as Na 2 S0 4 , Na 2 C0 3 , NaN0 3 , K 2 S0 4 , K2CO3, KNO3, 
Li2S04, Li2C03, and UNO3, carbonates, nitrates, sulfates of alkali earth 
metals such as CaS04, CaC03, Ca{N03)2, MgS0 4 , MgC03, Mg(N03)2, 
BaS04, BaC03 and Ba(N03) 2 , the materials generating gas ingredient, 
such as carbon dioxide, sulfur oxides, and nitrogen oxides by heating 
carbonate, nitrates, carbides or nitrides of silicon, carbides or nitrides 
of aluminum etc. are exemplified. The materials generating a steam 
by heating, which has hydrates of bound water, can be used, and it is 
chosen according to the necessary quality of the hollow body required. 

[0050] Subsequently, this slurry is made into a drop. A glass 
blending material is contained in this drop. The method for forming 
the drop is for example, a method for forming a drop by pressure 
spraying, a method for forming a drop with an ultrasonic wave, a 
method for forming a drop according to a centrifugal force, and a 
method for forming a drop with static electricity. The method for 
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forming a drop by pressure spraying is preferable in respect to 
productivity. The following two methods are exemplified as the 
method for forming a drop by pressure spraying. 

[0054] In the formed drop, the glass blending material having the 
composition to be obtained is contained. With respect to size of this 
drop, if too large, it is not preferable since burning is unstable, a large 
drop is generated, or it exceedingly becomes powder as exploding 
during combustion or heating. If the granulated particles consisting 
of crushed material powders are exceedingly small, it is not preferable 
since the composition of obtained glass is tend to not homogeneous, 
and yield ratio of hollow glass micro-spheres deteriorates. The 
preferred size of the drop is a range of 0.1-70 micrometers. 
[0055] By heating, the drop is vitrified as its glass blending 
material being melted, and further the hollow glass micro-sphere is 
formed by gasifying the foaming ingredient in glass. As a heating 
method, combustion heating, electric heating, and induction heating 
can be used arbitrarily. Heating temperature depends on temperature 
which the glass blending material vitrifies. Specifically, it is the range 
of 800-1700°C. In the present invention, since the liquid moiety of the 
slurry is a flammable liquid, as a most suitable mean, melting of glass 
and foaming are carried out by heating the liquid and generating heat. 

[0060] According to the present invention, a hollow alumino silicate 
glass micro-sphere having minute particle diameter, high sphericity, 
high strength, and high heat resistance is obtained. It is thought 
that this is because a manufacturing method builds up a 
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micro-crushed aluminosilicate glass material, size of the drop is tend 
to uniform by spraying the slurry, one drop is formed from one glass 
sphere, and one hollow aluminosilicate glass micro-sphere is formed by 
making the glass sphere foamed. In addition, it is thought that the 
reason why melting particles are formed as mostly per drop is that the 
coalescence between drops is prevented by the combustion gas which 
is generated when the slurry used as a drop burns. 

[0100] 

[Effect of the Invention] According to the present invention, a 
hollow glass micro-sphere with its particle size being minute, having 
high sphericity, low density, high strength, and excellent in 
heat-resistance as compared with the conventional hollow glass 
micro-sphere of the borosilicate glass system is obtained. In addition, 
as it compares with the manufacturing method of the hollow glass 
hollow micro-body obtained from the conventional material of deposit 
of volcanic ash and sand, these hollow aluminosilicate glass hollow 
micro-bodies can be manufactured efficiently in industry. 



